new record to tell us about that? Unfortunately, the piston-coring technology used to recover long sediment cores often scrambles the sediment-water interface, and the most recent decades in the ODP 1098 sequence may be missing. So, to complete the Holocene record, Shevenell et al. used temperatures estimated from samples collected nearby using different coring techniques. Those samples indicate a recent warming of about 3.2 °C, comparable to the observed trend of 3.4 °C per century.
Two factors were essential to Shevenell and colleagues' success. One was the core site itself; the other was the proxy 'biomarker' measurements they used to extract the temperature estimates.
Apart from the logistical challenge of working in Antarctic waters, the dynamic innershelf environment tends not to be conducive to the stable accumulation of sediments. But the Palmer Deep has been relatively undisturbed, and for 12,000 years the remains of planktonic organisms have settled there, leaving a temperature record for scientists to interpret. The 43-metre thickness of the ODP 1098 Holocene sequence is impressive, resulting from rapid deposition due to the local high productivity of plankton in the surface waters and the focusing of sediments into the basin. The record is well dated too, by 51 radiocarbon analyses on organic matter and calcite microfossils 5 . As to the proxy Shevenell et al. used for temperature estimates, the enduring problem has been that established methods of reconstructing SSTs are often not feasible with Antarctic sediment cores. Chemical conditions at ODP 1098 mean that the calcium carbonate remains of planktonic foraminifera, traditionally employed for studying past SSTs, are almost entirely absent from the core record. An approach that exploits the alkenone biomarker, which is preserved in sediments in many parts of the world, was likewise not possible. The main marine alkenone producer, the coccolithophore Emiliania huxleyi, is relatively rare in Antarctic waters, and alkenones were not detected in the ODP 1098 record.
So the authors turned to the increasingly deployed TEX 86 index (tetraether index of tetraethers with 86 carbon atoms). The index uses the relative abundance of another biomarker, membrane lipids produced by marine archaea found in the open sea 6 . To maintain membrane viability, these archaea adjust their lipid composition according to the water temperature, and that record is preserved in sediments.
Mindful of the reported scatter in the relationship of TEX 86 to temperature in the surface sediments of polar regions 7 , Shevenell et al. analysed additional regional surface-sediment samples and derived an amended calibration for application at ODP 1098. They argue that their down-core temperature reconstruction is weighted towards spring (rather than mean annual) temperatures. This argument is based on two considerations: first, on local ecological studies suggesting that living archaea are most abundant in the depth range 0-150 metres in the austral spring 8 ; second, on the down-core similarities between the greatest abundances of the archaeal biomarkers and the resting spores of a diatom alga (Chaetoceros) that tends to bloom in the early spring.
Much remains to be done to improve our understanding of archaeal ecology, and of the seasonal and depth-integrated generation of the TEX 86 signal in Antarctic waters and how it is transferred to sediments. However, Shevenell et al. 1 demonstrate the exciting potential of applying biomarker proxies to high-resolution sediment archives from the Antarctic margins. More is to come. Workers on Integrated ODP Leg 318 recently recovered an annually laminated, 180-metre-thick Holocene sequence from the East Antarctic Adélie Basin 9 , which sTr U C T U r aL Bi oLoGY
A new look for the APC
Solving the structure of protein complexes is particularly challenging when they contain many subunits. In the case of the APC, a fruitful strategy has been to gain information by subtracting subunits. See Article p.227 and Letter p.274 i a n F o e & daV i d To C Z Ys K i M any cell-cycle regulators are targeted for degradation by being tagged with chains of the small protein ubiquitin. Ubiquitin ligase enzymes mediate the selection of target proteins. One of the most complex ubiquitin ligases is the anaphase-promoting complex (APC) -a 1.5-megadalton assemblage of 1-2 copies of each of 13 different sub units, as well as two diffusible activators. Despite extensive genetic and biochemical work on the APC, in-depth mechanistic studies of this complex have proved technically difficult. Three papers (two in this issue 1, 2 , and one in Nature Structural & Molecular Biology 3 ) provide insight into how the APC mediates ubiquitination of its substrates. The researchers report high-resolution structures of the APC that they obtained by electron microscopy (EM), generated from structures with different combinations of subunits, allowing them to infer the exact placement of many of its subunits.
Previous studies 4, 5 had already created a blueprint of the APC's architecture (Fig. 1) . Each APC consists of a platform (made up of the proteins Apc1, Apc4 and Apc5) to which two subcomplexes attach. The first of these, the TPR subcomplex, consists of homodimers of three -or, in metazoans, four -subunits (Cdc23, Cdc16 and Cdc27), which contain tetratricopeptide repeats (TPRs). On electron micrographs, this subcomplex appears as an 'arc lamp' , in which the Cdc23 homodimer serves as the contact point with the platform region. The TPR subcomplex also contains several small, non-essential subunits. The second subcomplex, known as the catalytic subcomplex, contains a cullin (Apc2) and a RING (Apc11) protein, which are common to the class of ubiquitin ligases to which the APC belongs. It also contains Doc1 -a subunit implicated in substrate binding.
Schreiber et al. 1 (page 227) devised an expression system producing active yeast APC by co-expressing subunits from its various stable substructures in single baculoviruses. They were thus able to generate APC sub complexes and solve their structures individually using EM. The authors then compared structures containing various subunits with those lacking them, attri buting the density missing from one structure to the missing subunits. They further used the high-resolution cryo-EM structure (10 Å) of the complex 1,2 to 'dock' the crystal structures of individual APC subunits. The outcome is a pseudo-atomic model for 70% of the APC.
Within the APC, Doc1 aids substrate recognition 6 . Because this subunit reduces substrate dissociation, it allows the APC to be more processive -that is, to form longer ubiquitin chains before the substrate dissociates 7 . Most should provide records of ultra-high -annual to decadal -resolution. ■
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APC substrates contain at least one of two APC-recognition motifs: the D-box and the KEN-box. Doc1 is thought to recognize the D-box 8 , whereas the APC activators Cdc20 and Cdh1 recognize both the D-box and the KEN-box.
Despite the suggestive data, however, evidence for a direct interaction between Doc1 and the D-box of substrate proteins has been lacking. By determining the EM structure of the APC with and without Doc1, the same group (da Fonseca et al.
2
; page 274) and another team (Buschhorn et al. 3 ) map Doc1 to the central portion of the APC -between Cdc27 at the tip of the TPR subcomplex and the cullin Apc2 (Fig. 1) . This positioning is consistent with previous data 5, 9 suggesting that Doc1 associates with both of these proteins, and places Doc1 adjacent to the activator Cdh1. Intriguingly, Doc1 seems to share some similarities with APC activators, including a carboxy-terminal motif that associates with the terminal TPR protein Cdc27 5, 9, 10 . Because the APC has two copies of each of the TPR subunits, including Cdc27, da Fonseca et al. speculate that Doc1 and one of the activators each associate with separate Cdc27 subunits. Da Fonseca et al. also use nuclear magnetic resonance to confirm a direct interaction between Doc1 and D-boxcontaining peptides, although they could not map the binding surface.
Notably, both groups 2, 3 show that substrate arrival adds density between Doc1 and Cdh1. This occurs even when a peptide containing a single D-box is used as a substrate, hinting that Doc1 and Cdh1 together recognize a single site.
Earlier studies had shown that the APC exists as a stable dimer that, like its monomeric form, can be purified. The dimeric form was found to be more processive than the monomeric form 11 , leading to models in which the catalytic centres of each APC in the dimer are adjacent and affect substrate dissociation. The newly available EM structure of this dimer 3 shows, however, that the two complexes are positioned back-to-back, with the catalytic centres facing away from one another. The tethered APCs are therefore unlikely to co ordinate their efforts on one substrate. Nonetheless, in the dimer, the APC's structure differs slightly from that of the monomer, suggesting that dimerization alters APC conformation and so could affect its processivity.
Most ubiquitin ligases act as single-subunit enzymes that both recognize substrates and promote ubiquitination. Why the APC has evolved such a complex structure has therefore presented a puzzle. So far, defined functions have been established for only a few APC subunits. The new EM structures [1] [2] [3] are a good starting point for understanding whether the many subunits merely serve to bring the catalytic subcomplex close to the substrate or whether they have additional functions.
Other questions also remain. For one, exactly what is the defining characteristic of APC degradation signals -other than the D-box and the KEN-box -within substrates?
And do core APC subunits other than Doc1 recognize such signals? Does the APC dimer exist in vivo, and how does dimerization change the processivity of this complex? Answers to at least some of these questions will require further insight into the APC structure. ■ orGaniC CHeMisTrY
Metals are not the only catalysts
A long-standing problem in chemistry has been to find catalysts that allow molecules to distinguish between the two faces of reaction intermediates called carbocations. A way around the problem has been found. See Letter p.245 M aT T H e w G a U n T T he past 100 years have witnessed remarkable discoveries that have greatly advanced the synthetic use of alkenessimple hydrocarbons that contain carboncarbon double bonds (C=C bonds). As a result, alkenes are among the most frequently used building blocks for making organic molecules. Of particular note have been alkene reactions involving metal catalysts, a fruitful area of research leading to the award of three Nobel chemistry prizes 1 since 2001. But in this issue (page 245), Toste and colleagues 2 report a very different kind of catalyst for an alkene reaction. They have used a small organic molecule to catalyse the attachment of nitrogen-containing chemical groups to dienes, compounds that contain two C=C bonds. The resulting products -cyclic molecules known as pyrrolidines -are widely found in biologically active molecules and could therefore be particularly useful in drug-discovery programmes.
Many alkene reactions generate chiral products that form as a mixture of two mirror-image isomers, known as enantiomers. Each enantiomer of a compound interacts with other chiral mol ecules in a specific way -sometimes with dramatic consequences, especially in biological systems. For example, the 'wrong' enantiomer of a drug molecule might be inactive, and at worst can cause severe side effects. The field of asymmetric synthesis, which aims to find reactions in which a single enantiomer of a product is formed, is therefore one of the liveliest and most important in chemistry.
Given the wide use of alkenes as molecular building blocks, discovering new ways to . The platform -which consists of the Apc1, Apc4 and Apc5 subunits -connects the TPR and the catalytic subcomplexes. The catalytic subcomplex contains the cullin protein Apc2 and the RING protein Apc11. The TPR subcomplex contains two copies of each of the three TPR-containing subunits: Cdc23, 16 and 27. The terminal pair of Cdc27 subunits binds to the carboxy terminus of both another APC subunit, Doc1, and an activator protein such as Cdh1. These two proteins (red) both recognize the substrate. 
